Requested Patent EP0844765A2 

Title: MULTICARRIER RECEIVER WITH AN ANTENNA ARRAY ; 

Abstracted Patent: EP0844765 ; 

Publication Date: 1998-05-27 ; 

lnventor(s): 

SHIBATA TSUTAYUKI (JP); ENDO CHISATO (JP); FUJIMOTO MITOSHI (JP); 
SUZUKI NORIYOSHI (JP) ; 

Applicants): TOYODA CHUO KENKYUSHO KK (JP) ; 

Application Number: EP1 99701 20483 19971121 ; 

Priority Number(s): JP1 9960327761 19961122; JP1 997028291 4 19970929 ; 

IPC Classification: H04L27y26; H04L1/06 ; 

Equivalents: CA2221904, JP10210099, US61 15426 

ABSTRACT: 

An adaptive communication apparatus for use in a multicarrier transmission system in which data 
sequence to be transmitted is divided into a plurality of data sequences, and these data 
sequences are converted into a high-frequency signal including a plurality of carriers allocated 
different frequencies and radio-transmitted in parallel. In the adaptive communication apparatus, 
a received high-frequency signal is separated into a plurality of carriers by a wave separator. The 
frequency characteristic of the received high-frequency signal is corrected by a frequency 
characteristic compensation unit Tl^{freq[uenc^ characteristic compensation unit is controlled by 
a controller through use of the high-frequent^ "signai" subjected to signal processing by the 
frequency characteristic compensation unit and the wave separator. The high-frequency signal 
thus processed by the frequency characteristic compensation unit and the wave separator is 
demodulated by a demodulator in order to output a plurality of data sequences corresponding to 
the respective carriers. The original data is reproduced by a parallel-to-serial converter from the 
plurality of data sequences corresponding to the respective carriers. 
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(54) Multicarrier receiver with an antenna array 

(57) An adaptive communication apparatus for use 
in a multicarrier transmission system in which data 
sequence to be transmitted is divided into a plurality of 
data sequences, and these data sequences are con- 
verted into a high-frequency signal including a plurality 
of carriers allocated different frequencies and radio- 
transmitted in parallel. In the adaptive communication 
apparatus, a received high-frequency signal is sepa- 
rated into a plurality of carriers by a wave separator. The 
frequency characteristic of the received high-frequency 
signal is corrected by a frequency characteristic com- 
pensation unit. The frequency characteristic compensa- 



tion unit is controlled by a controller through use of the 
high-frequency signal subjected to signal processing by 
the frequency characteristic compensation unit and the 
wave separator. The high-frequency signal thus proc- 
essed by the frequency characteristic compensation 
unit and the wave separator is demodulated by a 
demodulator in order to output a plurality of data 
sequences corresponding to the respective carriers. 
The original data is reproduced by a paraliel-to-serial 
converter from the plurality of data sequences corre- 
sponding to the respective carriers. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention s 

The present invention relates to an adaptive com- 
munication apparatus used for improving communica- 
tions quality of a mufticarrier transmission system in 
which data are transmitted through use of a plurality of 10 
carriers allocated various frequencies. 

Description of the Related Art 

A mufticarrier transmission has been proposed as a is 
radio communication method for transmitting a large 
amount of data at high speed. 

The mufticarrier transmission method will be 
described with reference to FIG. 10. At the transmitting 
side, by a serial-to-parallel converter 206, a data 20 
sequence to be transmitted is divided into a plurality of 
low-speed data sequences which have a lower-speed 
transmission rate than that of the data sequence to be 
transmitted. The thus-divided low-speed data 
sequences are modulated by modulators 205 and con- 25 
verted into high-frequency signals allocated various car- 
rier frequencies. By a combiner 203, these high- 
frequency signals are combined into a so-called multi- 
carrier signal comprising a plurality of carrier signals, 
and the mutticarrier signal is radiated from an antenna so 
201. 

At the receiving side, the transmitted data are 
reproduced by performing the reverse of the foregoing 
operation. More- specifically, the mufticarrier signal 
received by an antenna 1 is subjected to wave separa- 35 
ton by a wave separator 3 in order to obtain a plurality 
of carriers. The thus-separated respective carriers are 
demodulated by demodulators 5 to obtain low-speed 
data sequences. By a parallel-to-serial converter 6, the 
low-speed data sequences are converted into a high- 40 
speed transmission data sequence, thereby yielding a 
received data sequence. 

In general, the frequency characteristic of transmis- 
sion between the antenna on the transmitting side and 
the antenna on the receiving side (hereinafter referred 45 
to as the "charml frequency-characteristic 
in a so-called mufti-path environment in which unde- 
sired interference waves arrive at the antenna along 
with a desired incident wave. In a case where the band- 
width of a transmitted signal is narrow, and the channel so 
frequency-characteristic within this bandwidth can be 
regarded as flat, the spectrum and waveform of a 
received signal are analogous to those of the transmit- 
ted signal. If a receiver moves in such a case, the spec- 
trum within the band varies uniformly. Such a variation 55 
of the spectrum is called a flat fading. 

In contrast, in a case where the bandwidth of the 
transmitted signal is broad, and the channel frequency- 



characteristic within the bandwidth is distorted, the 
spectrum and waveform of the received signal is not 
analogous to that of the transmitted signal. Specifically, 
the spectrum of the signal received by the receiving 
antenna is the product of the spectrum of the transmit- 
ted signal and the channel frequency-characteristic. 
The spectral component of the transmitted signal is not 
received at the frequency at which there exists much 
fade in the channel frequency-characteristic. The fading 
in which a receiving level fades only at a specific fre- 
quency is called a frequency-selective fading. In case of 
a frequency-selective fading, the waveform of the 
received signal is severely distorted, thereby considera- 
bly deteriorating communications quality. 

The bandwidth of a signal to be transmitted 
depends on the transmission rate of the data. The 
higher the transmission rate of the data, the wider the 
bandwidth of the transmitted signal becomes. Accord- 
ingly, as data are transmitted at higher speed, deteriora- 
tion of communications quality attributable to the 
frequency-selective fading becomes more severe. 

In the mufticarrier transmission system, a transmit- 
ted data sequence is divided into a plurality of data 
sequences, and the respective data sequences are 
converted into a high-frequency signal that includes a 
plurality of carriers having different frequencies. More 
specifically, the influence of the frequency-selective fad- 
ing is alleviated by reducing the data transmission rate 
of each carrier in order to narrow the bandwidth of each 
carrier. Accordingly, the mufticarrier transmission 
method is expected to serve as a technique for realizing 
high-speed and high-quality communications. 

However, the reduction of the receiving level owing 
to the flat fading arises even if the data transmission 
rate per carrier is reduced so as to prevent the deterio- 
ration of communication quality attributable to the influ- 
ence of the frequency-selective fading. The plurality of 
carriers may include a carrier whose receiving level 
becomes low due to the flat fading. In this case, the data 
transmitted through use of such carrier are not correctly 
demodulated at the receiving side. 

To prevent this problem, there has been conceived 
a method in which if a mufticarrier signal includes a car- 
rier which cannot be correctly demodulated, the data of 
this carrier signal is corrected through use of correctly- 
demodulated data of other carrier signals. In the pro- 
posed method, however, data used for determining 
whether or not the data have been correctly received or 
data used for correcting the erroneous data must be 
added to the original data to be transmitted. As a result, 
in comparison with the case having no such redundant 
data, the amount of information transmitted per unit 
bandwidth is reduced, thereby resulting in a reduction in 
frequency utilization efficiency. 

Another countermeasure against this problem is 
described in Japanese Patent Application Laid-Open 
(kokai) No. 7-66739, in which variation in the amplitude 
of each received carrier with time is detected, and the 
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frequency characteristic of the carrier signal is cor- 
rected so as to reduce the variation. FIG. 11 shows an 
embodiment of this method. According to the conven- 
tional technique shown in FIG. 1 1 , the signals received 
by a plurality of antennas 1 are separated by wave sep- 5 
arators 3 in order to obtain a plurality of paired earners. 
The phase of one of the paired carriers is controlled 
based on a minimum amplitude deviation diversity 
scheme, and the paired carrier signals are combined 
together. More specifically, an amplitude deviation 10 
detector 101 detects the amplitude deviation of the 
combined signal, and a signal representing the thus- 
detected amplitude deviation is input to a control circuit 
102. The control circuit 102 controls a phase shifter 103 
so as to minimize the thus-detected amplitude devia- 15 
tbn. Demodulator 5 demodulates the combined carriers 
to obtain corresponding data sequences, and the data 
sequences are converted into the original data by a par- 
ailel-to-serial converter 6. 

However, if the paired carriers are combined 20 
together through use of the minimum amplitude devia- 
tion diversity, there is a possibility that the amplitude of 
the combined signal becomes small, depending on a 
phase difference between a desired wave and an inter- 
ference wave. Therefore, the foregoing problem; Le., the 25 
deterioration of communication quality of a specific car- 
rier, cannot be solved. To prevent this situation, the con- 
ventional communication apparatus is provided with a 
earner determination circuit 104 and a plurality of con- 
trol circuits 102. If one of the control circuits 102 for a 30 
certain carrier cannot properly control the phase of the 
certain carrier because the amplitude of the corre- 
sponcfing combined signal is too small, the carrier deter- 
mination circuit 104 produces control information for the 
certain carrier on the basts of information from other 35 
control circuits which properly perform phase control, 
and sends the thus-prepared control information to the 
control circuit 102 for the certain carrier. 

In this case, however, the other control circuits are 
also controlled based on the minimum amplitude devia- 40 
tion diversity. Even if the amplitude deviation of the cer- 
tain carrier is reduced as a result of controlling the 
phase of the corresponding counterpart carrier on the 
basis of the information from other control circuits, there 
is no guarantee that the receiving level of the certain 4s 
carrier increases. Accordingly, the foregoing problem, 
the deterioration of communication quality of a specific 
carrier, cannot be solved comprehensively. 

As described above, the influence of the frequency- 
selective fading can be reduced by the multicarrier so 
transmission method. However, the communication 
quality of a certain carrier may be deteriorated due to 
the flat fading. This problem is solved by the method of 
adding redundant data to the original data to be trans- 
mitted, which, however, results in a reduction in the fre- ss 
quency utilization efficiency of the overall multicarrier 
signal. Further, as previously described, the method 
employing the minimum amplitude deviation technique 



cannot be said to constitute means for completely elim- 
inating the deterioration of the communication quality of 
a certain carrier. For these reasons, there is demand for 
the development of a adaptive communication appara- 
tus for use in a multicarrier transmission system which 
is capable of reliably demodulating all the data of earn- 
ers without sacrificing frequency utilization efficiency. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
adaptive communication apparatus which realizes nor- 
mal derrxxfolatiotf of all data tran^itted using a multi- 
carrier transmission method and to achieve a high 
efficiency of frequency utilization. 

To achieve the above object, the present invention 
provides an adaptive communication apparatus for use 
in a multicarrier transmission system in which a data 
sequence to be transmitted is divided into a plurality of 
data sequences, and these data sequences are con- 
verted into a high-frequency signal including a plurality 
of earners allocated different frequencies and is radio- 
transmitted, the apparatus comprising a frequency 
characteristic compensation unit for correcting the fre- 
quency characteristic of a received high-frequency sig- 
nal that includes a plurality of carriers (hereinafter also 
referred to as a carrier group); a wave separator for sep- 
arating the earner group into the respective carriers; a 
controller for controlling the frequency characteristic 
compensation unit through use of the carrier group sub- 
jected to signal processing of the frequency characteris- 
tic compensation unit and the wave separator; a 
demodulator for demodulating the carrier group thus 
signal-processed by the frequency characteristic com- 
pensation unit and the wave separator in order to output 
a plurality of low-speed data sequences; and a parallel- 
to-serial converter for reproducing one data sequence 
from the low-speed data sequences output from the 
demodulator. 

Preferably, the adaptive communication apparatus 
has a structure such that the received high-frequency 
signal that includes the plurality of carriers is first input 
to the frequency characteristic compensation unit in 
order to correct the frequency characteristic of the high- 
frequency signal; the corrected signal is then input to 
the wave separator in order to obtain signals corre- 
sponding to the respective carriers; and the carrier 
group which has its frequency characteristic corrected 
and is separated into the respective carriers is input to 
the controller and the demodulator. 

Alternatively, the adaptive communication appara- 
tus has a structure such that the received high-fre- 
quency signal that includes the plurality of carriers is 
first input to the wave separator in order to obtain sig- ) 
nals corresponding to the respective carriers; the thus- 
obtained signals are then input to the frequency charac- 
teristic compensation unit in order to correct the fre- 
quency characteristic; and the carrier group which is 
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separated into the respective carriers and then has its 
frequency characteristic corrected is input to the con- 
troller and the demodulator. 

In both cases, the received high-frequency signal 
which includes a plurality of carriers and which is to be s 
input to the wave separator or the frequency character- 
istic compensation unit may be a signal received by an 
array antenna consisting of a plurality of antenna ele- 
ments. Alternatively; the received high-frequency signal 
which includes a plurality of carriers and which is to be to 
input to the wave separator or the frequency character- 
istic compensation unit may be composed of signals 
which are obtained by dividing a signal received by a 
single antenna to obtain divided signals and delaying 
the divided signals through use of a delay unit. is 

In a case where a signal to be input to the wave 
separator or the frequency characteristic compensation 
unit is received through use of the array antenna, the 
frequency characteristic compensation unit may com- 
prise a weighting unit for weighting the signals received 20 
by the respective antenna elements and a combiner for 
combining the signals weighted by the weighting unit 

In a case where a delay unit is used to produce a 
signal to be input to the wave separator or the frequency 
characteristic compensation unit, the frequency charac- 2s 
teristic compensation unit may comprise a weighting 
unit for weighting the respective signals having different 
delay times and a combiner for combining together the 
signals weighted by the weighting unit 

In the adaptive communication apparatus, the con- 30 
trailer may have a structure to compare a reference sig- 
nal periodically inserted into data to be transmitted with 
a reference signal provided on the reception side, and to 
control the frequency characteristic compensation unit 
such that a difference detected as a result of such com- 35 
parison is minimized. Alternatively, the controller may 
have a structure to control the frequency characteristic 
compensation unit such that the amplitude or power of 
each carrier of the carrier group signal-processed by the 
frequency characteristic compensation unit and the <o 
wave separator become equal to each predetermined 
value. 

In the adaptive communication apparatus of the 
present invention, a plurality of sets of the above- 
described frequency characteristic compensation unit, 45 
wave separator, and controller may be provided in such 
a way that the signals corresponding to the respective 
earners of each carrier group are brought in phase with 
each other. More specifically, the present invention pro- 
vides a adaptive communication apparatus for use in a so 
mutticarrier transmission system in which a data 
sequence to be transmitted is divided into a plurality of 
data sequences, and these data sequences are con- 
verted into a high-frequency signal that includes a plu- 
rality of carriers allocated different frequencies and is 55 
radio-transmitted, the apparatus comprising a plurality 
of incident wave extractors each of which extracts only 
one incident wave component from the received high- 



frequency signal; a phase shifter for adjusting the phase 
of each of the incident wave components extracted by 
the incident wave extractors; a combiner for combining 
together the incident wave components whose phase 
are adjusted by the phase shifter; a demodulator for 
demodulating the signal combined by the combiner in 
order to output a plurality of low-speed data sequences 
corresponding to the respective carriers; and a parallel- 
to-serial converter for reproducing one data sequence 
from the low-speed data sequences output from the 
demodulator. The incoming wave extractor may be com- 
posed of a frequency characteristic compensation unit 
for correcting the frequency characteristic of the high- 
frequency signal, a wave separator for separating the 
high-frequency signal into signals corresponding to the 
respective carriers, and a controller for controlling the 
frequency characteristic compensation unit through use 
of the high-frequency signal signal-processed by the 
frequency characteristic compensation unit and the 
wave separator. As a result of addition of this configura- 
tion to the adaptive communication apparatus, in a case 
where a signal wave and another wave delayed for a 
given period of time with respect to the signal wave are 
superimposed on each other, the signal wave and the 
delayed wave can be combined, thereby resulting in an 
increase in the power of an output signal and an 
improvement in the accuracy of receipt of a signal. 

First, in the present invention, a high-frequency sig- 
nal which includes a plurality of carries allocated differ- 
ent frequencies which is transmitted by a mutticarrier 
transmission method is subjected to the signal process- 
ing of the wave separator and the frequency character- 
istic compensation unit. The order in which the earner 
group is subjected to signal processing is changeable. 
Which of the wave separator or the frequency charac- 
teristic compensation unit may come first The signal- 
processed carrier group is input to the controller, and 
the controller controls the frequency characteristic com- 
pensation unit through use of the input carrier group. 
The carrier group radio-transmitted by the mufticarrier 
transmission system can be demodulated reliably. 

The channel frequency-characteristic within a full 
frequency range used for the multicarrier transmission 
system can be estimated by monitoring the amplitude 
and phase of each of the carriers within the carrier 
group signal-processed by the wave separator and the 
frequency characteristic compensation unit Accord- 
ingly, the controller controls the frequency characteristic 
compensation unit in such a way as to correct the distor- 
tion of the thus-estimated channel frequency-character- 
istic. 

The frequency characteristic compensation unit 
weights the plurality of wide-band signals and combines 
together the thus-weighted wide-band signals, whereby 
one carrier group whose frequency characteristic is cor- 
rected is output As shown in FIGs. 1 and 2, a plurality 
of wide-band signals which differ from each other with 
regard to the relationship of phase between a desired 



4 



7 



EP0844 765A2 



8 



wave and an interference wave received by the plurality 
of antenna elements are used as the plurality of wide- 
band signals input to the frequency characteristic com- 
pensation unit Alternatively, as shown in FIG. 3, a wide- 
band signal received by one antenna element is input to 5 
a tapped delay line unit and a plurality of wide-band sig- 
nals which are produced by delaying the wide-band sig- 
nal for different periods of time are used as the plurality 
of wide-band signals. 

As a result, if the frequency characteristic of the 10 
carrier group is properly corrected, the spectrum of the 
corrected carrier group becomes equal to that of the 
carrier group radiated from the transmitting side even if 
the spectrum of the carrier grotp received by the 
antenna element is distorted due to the influence of an 75 
interference wave. Consequently, all the data transmit- 
ted by the mufticarrier transmission method can be cor- 
rectly reproduced. 

As described above, the order in which the carrier 
groups are subjected to signal processing is changea- 20 
ble, and which of the wave separator or the frequency 
characteristic compensation unit may come first More 
specifically, all the data transmitted by the mufticarrier 
transmission method are correctly reproduced by the 
structure shown in FIG. 1 , in which after the frequency 25 
characteristic of a received high-frequency signal 
including a plurality of carriers has been corrected by 
the frequency characteristic compensation unit, the 
thus-corrected signal is separated into signals corre- 
sponding to the respective carriers by the wave separa- 30 
tor, and the signals are input to the demodulator and the 
controller; or in the structure shown in FIG. 2 in which 
after a received high-frequency signal including a plural- 
ity of carriers has been separated into signals corre- 
sponding to the respective carrier, the frequency 35 
characteristics of the signals are corrected by the fre- 
quency characteristic compensation unit and are input 
to the demodulator and the controller. 

Preferably, the foregoing advantage of correct 
reproduction of all the data transmitted by the multicar- 40 
rier transmission method can be ensured even in a case 
where an array antenna composed of a plurality of 
antenna elements receives a high-frequency signals 
that includes a plurality of carriers, and the thus- 
received signal is input to the wave separator or the f re- as 
quency characteristic compensation unit as well as. 
where the frequency characteristic compensation unit 
comprises a weighting unit for weighting the signal 
received by each of the antenna elements and a com- 
biner for combining together the signals weighted by the so 
weighting unit 

Preferably, the foregoing advantage of correct 
reproduction of all the data transmitted by the mufticar- 
rier transmission method can be ensured even in a case 
where a high-frequency signal which includes a plurality ss 
of carriers and which is received by one antenna ele- 
ment is divided by the dividing unit to obtain divided sig- 
nals; the divided signals are delayed by the delay unit; 



and the thus-delayed signals are input to the wave sep- 
arator or the frequency characteristic compensation 
unit as well as where the frequency characteristic com- 
pensation unit comprises a weighting unit for weighting 
each of the thus-delayed signals and a combiner for 
combining together the thus-weighted signals. 

In accordance with another aspect of the present 
invention, the coritroDer controls the frequency charac- 
teristic compensation unit so as to minimize a difference 
between the amplitude and phase of each carrier input 
to the demodulator and those of a preset reference sig- 
nal. 

The distortion of the frequency characteristic of the 
carrier group owing to the channel frequency-character- 
istic can be compensated by receiving the reference 
signal periodically inserted into the data to be transmit- 
ted, comparing the thus-received reference signal with 
the reference signal previously provided on the recep- 
tion side, and controlling the frequency characteristic 
compensation unit so as to minimize a difference 
detected as a result of such comparison. More specifi- 
cally, the received signal is a convolution of the true ref- 
erence signal, or the reference signal previously 
provided on the reception side, and the channel fre- 
quency-characteristic. Therefore, the correction of the 
frequency characteristic of the signal received in such a 
way as to minimize the difference between the two sig- 
nals results in a compensation for the distortion of the 
channel frequency characteristic of the received signal. 

The frequency characteristic of a received signal is 
corrected in such a way that the spectrum of the carrier 
group input to the demodulator becomes equal to the 
spectrum of a predetermined carrier group; e.g., the 
spectrum of a carrier group radiated from the transmit- 
ting side. Accordingly, the data transmitted by the multi- 
carrier transmission method can be correctly 
reproduced. 

In accordance with still another aspect of the 
present invention, the controller controls the frequency 
characteristic compensation unit in such a way that the 
amplitude or power of each earner of the carrier group 
signal-processed by the frequency characteristic com- 
pensation unit and the wave separator become equal to 
a predetermined value. 

Unless the received carriers are distorted by the 
channel frequency-characteristic all the carriers are 
received while they are equal to each other in terms of 
amplitude or power. For this reason, the frequency char- 
acteristic of the carrier group can be corrected in such a 
way that the spectrum of the carrier group input to the 
demodulator becomes equal to a predetermined spec- 
trum; e.g., the spectrum of the carrier group radiated 
from the transmitting side, by controlling the frequency 
characteristic compensation unit such that the ampli- 
tude or power of each carrier becomes equal to each 
predetermined value. Therefore, the data transmitted by 
the mufticarrier transmission method can be correctly 
reproduced. 
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In accordance with yet another aspect of the 
present invention, the adaptive communication appara- 
tus is provided with a plurality of incoming wave extrac- 
tors that have the foregoing configuration and each 
detect a plurality of incident waves, and the thus- 
extracted incident waves are brought in phase with each 
other and then combined. As a result, the power of the 
signal can be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration 
of an adaptive communication apparatus in accord- 
ance with a first embodiment of the present inven- 
tion; 

FIG. 2 is a block diagram showing the configuration 
of the adaptive communication apparatus in 
accordance with the first embodiment; 
FIG. 3 is a block diagram showing the conf iguration 
of a adaptive communication apparatus in accord- 
ance with a second embodiment of the present 
invention; 

FIG. 4 is a block diagram showing the configuration 
of a adaptive communication apparatus in accord- 
ance with a third embodiment of the present inven- 
tion; 

FIGs. 5 through 7 are timing charts for explaining 
the principle of operation of the adaptive communi- 
cation apparatus in accordance with the third 
embodiment; 

FIG. 8 is a block diagram showing the configuration 
of an adaptive communication apparatus in accord- 
ance with a fourth embodiment of the present 
invention; 

FIG. 9 is a timing chart for explaining the principle of 

operation of the adaptive communication apparatus 

in accordance with the third embodiment; 

FIG. 10 is a schematic representation showing a 

mutticarrier transmission system; and 

FIG. 1 1 is a circuit diagram showing a conventional 

method for compensating for carrier frequency 

characteristic. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described hereinbe- 
low with reference to specific embodiments. 

FIG. 1 is a block diagram illustrating the configura- 
tion of an adaptive communication apparatus in accord- 
ance with a first embodiment of the present invention. 
This apparatus receives data sequences radio-transmit- 
ted by a muiticarrier transmission method and repro- 
duces an original data sequence by processing the 
thus-received data sequences. 

Carrier groups which are transmitted by a muiticar- 
rier transmission method and each of which includes a 
plurality of carriers (n carriers) are received by a plural- 



ity of antenna elements (k antenna elements) A1 to Ak. 
As a result the antenna elements A1 to Ak can receive 
a plurality of carrier groups (hereinafter referred to as 
wide-band signals) g1 to gk which differ from each other 

5 with regard to the relationship of phase between a 
desired wave and an interference wave. 

A frequency characteristic compensator 2 com- 
prises a weighting unit 21 for independently weighting 
the wide-band signals g1 to gk, and a combiner 22. The 

10 weighting unit 21 weights each of the wide-band signals 
g1 to gk in accordance with a weighting coefficient 
determined by the controller 4. The thus-weighted wide- 
band signals are combined by the combiner 22. 
whereby the signals are output as one carrier group "g" 

75 whose frequency characteristic has been corrected. 

The carrier group "g" whose frequency characteris- 
tic has been corrected is subjected to wave separation 
by the wave separator 3 in order to obtain a plurality of 
carriers. In other words, signals S1 to Sn corresponding 

20 to the respective carriers whose distortions attributable 
to the channel frequency-characteristic have been cor- 
rected are output A demodulator 5 demodulates the 
signals S1 to Sn, whereby low-speed data sequences 
L1 to Ln are produced. The thus-produced low-speed 

25 data sequences L1 to Ln are sent to a parallel-to-serial 
converter 6, where an original data sequence D is 
reproduced. In this way, the plurality of received wide- 
band signals g1 to gk are processed into a single carrier 
group "g" whose frequency characteristic is corrected. 

30 This carrier group "g" is demodulated on a carrier-by- 
carrier basis, and the thus-demodulated signals are 
subjected to parallel-to-serial conversion, whereby the 
original data sequence D is reproduced. 

A controller 4 controls the frequency characteristic 

35 compensator 2 through use of the signals S1 to Sn 
derived from the carrier group w g." A weighting coeffi- 
cient of the weighting unit 21 is determined for each of 
the plurality of received wide-band signals g1 to gk. 
Through use of the weighting unit 21, the frequency 

40 characteristic compensator 2 weights each wide-band 
signal according to the weighting coefficient determined 
by the controller 4. 

A method by which the controller 4 determines 
weighting coefficients will now be described. Each of 

45 the weighting coefficients is a coefficient represented by 
a complex number, and the amplitude and phase of 
each carrier group are controlled by weighting the wide- 
band signal with the coefficient 

A reference signal is periodically inserted into a 

so data sequence to be transmitted, and this sequence is 
then transmitted. Upon receipt of the transmitted data 
including the reference signal inserted therein, the thus- 
received data are compared with the reference signal 
previously provided on the reception side and are con- 

55 trolled so as to minimize the difference from the refer- 
ence signals. This control is implemented by an LMS 
(Least Mean Squares) algorithm or a RLS (Recursive 
Least Squares) algorithm. The algorithm is intended to 
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control weighting coefficients so as to minimize the 
sums of squared errors of the weighted combined sig- 
nals with respect to the reference signals provided at 
the reception side in advance. Defining the number of 
carriers used for transmitting data as "n," the number of 5 
the antennas as V the weighted and combined signals 
(base-band signals) as S 1 to S n , reference signals 
(base-band signals) previously provided on the recep- 
tion side as Sqi to S 0n , and weighting coefficients as 
to W k , St to S n are functions of to W k (W t = B 1 10 
exp(-j0 J . W k = B k exp(-je k ) ). Then weighting coeffi- 
cients. W 1 to W k are determined so as to minimize 

(S l -S 01 ) 2 + (S 2 -S 02 ) 2 + ...+ (S n -S 0n ) 2 (1) 

15 

The respective weighting coefficient is determined 
so as to minimize the difference between the combined 
signal and the previously-provided reference signal. 
Thus the wide-band signals gl to gk received by the 
plurality of antennas are weighted in such a way that the 20 
interference components of these wide-band signals 
are canceled. As a result, only the carrier group "g" 
comprising compornerrts of desired waves can be 
obtained by the frequency characteristic compensator 
2. Accordingly, the transmitted data can be substantially 25 
correctly reproduced. 

In the first embodiment, the wide-band signals g1 to 
gk received by the individual antenna elements A1 to Ak 
are initially input to the frequency characteristic com- 
pensator 2 and further to the wave separator 3 in order 30 
to process the signals. However, as shown in FIG. 2, 
each of the wide-band signals g 1 to gk may be first sub- 
jected to wave separation to produce signals S t1 to 
corresponding to the carriers of the wide-band signal. 
The thus-produced signals are then input to the fre- 35 
quency characteristic compensator 2 in order to proc- 
ess the signals. The first number i in each set of 
subscripts of the signals Sy corresponds to the wide- 
hand signal g ; which includes the signal Sg. and the sec- 
ond number j in the set of the subscripts represents a 40 
carrier included in the wide-band signal g,. In this case, 
the weighting unit 21 does not weight the respective sig- 
nals S 1 ! to Skn corresponding to the carriers of each of 
the wide-band signals g1 to gk with different weighting 
coefficients, but weights the signals S h to S jn corre- 45 
sponcfing to the carriers of one wide-band signal g; with - 
the same weighting coefficient. The weighting following 
the separation of the wave can be performed more 
accurately than can the weighting performed in the first 
embodiment. Thus, the transmitted data can be repro- so 
duced more reliably compared to the case of the first 
embodiment. 

A second embodiment of the present invention will 
now be described. FIG. 3 is a block diagram showing 
the configuration of an adaptive communication appara- ss 
tus in accordance with the second embodiment. An 
antenna A is consisting of one antenna element and 
receives a wide-band signal hO transmitted by the multi- 



carrier transmission method. The frequency character- 
istic compensator 2 comprises a tapped delay unit 31. 
the weighting unit 21, and the combiner 22. By the 
tapped delay unit 31. the received wide-band signal hO 
is transformed into a plurality of wide-band signals (k 
wide-band signals) hi to hk having different delay times. 
The tapped delay unit 31 comprises dividing unit 32 and 
delay devices 33. Delay is introduced every time a sig- 
nal passes each of the delay devices 33. The thus- 
delayed signal is then divided by each of the dividing 
units 32, enabling production of a plurality of signals 
delayed for different periods of time. 

The plurality of wide-band signals hi to hk having 
different delay times are input to the weighting unit 21, 
where each of the signals is weighted. More specifically, 
the weighting unit 21 weights each of the wide-band sig- 
nals hi to hk with the weighting coefficient determined 
by the controller 4. The thus-weighted plurality of wide- 
band signals hi to hk are combined together by the 
combiner 22 in order to obtain one carrier group TT 
whose frequency characteristic has been corrected. 

The carrier group "h" is subjected to wave separa- 
tion carried by the wave separator 3, so that the signals 
S-j to S n corresponding to the respective carriers are 
obtained. Distortions of these signals S 1 to S n attributa- 
ble to the channel frequency-characteristic are compen- 
sated. The signals to S n derived from the carrier 
group "h" are sent to the controller 4 and the demodula- 
tor 5. 

The controller 4, the demodulator 5, and the paral- 
lel-to-serial converter 6 have functions identical to those 
of the first embodiment. In other words, the controller 4 
determines weighting coefficients, and the demodulator 
5 demodulates the signals S-j to S n corresponding to the 
respective earners, thereby producing low-speed data 
sequences L1 to Ln. The parallel-to-serial converter 6 
reproduces the original transmitted data sequence D 
from the low-speed data sequences L1 to Ln. As in the 
first embodiment the controller 4 determines the 
weighting coefficients through use of the LMS algorithm 
or the RLS algorithm. 

Although, in the first and second embodiments, the 
controller 4 determines a weighting coefficient through 
usepfejJJier the LMS algorithm or the RLS algorithm, it 
can even determine the weighting coefficients through 
use of a CMA (Constant Modulus Algorithm). The CMA 
is an algorithm for controlling weighting coefficients by 
utilization of variations in the amplitude of a weighted 
and combined signal. Further details regarding this 
algorithm are described in The Tone Capture Proper- 
ties of CMA-Based Interference Siippressers/ J. R. 
Treichler and M. G. Larimore (vol. 4, IEEE Trans. 
Acoust. Speech and Signal Process, ASSP-33, pp. 496 
- 958 (1985). However, in the conventional CMA, 
weighting coefficients are controlled by utilization of var- 
iation in the amplitude of a received signal with time 
resulting from interference between a desired wave and 
an interference wave. 
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In the present invention, distortion of the channel 
frequency-characteristic is detected from a received 
carrier group, and weighting coefficients are controlled 
so as to make the channel frequency-characteristic con- 
stant. An example in which weighting coefficients are 5 
determined by the CM A win be given below. 

In the case of a modulation system using a constant 
amplitude; e.g., PSK or FSK, as wefl as where all carri- 
ers of the same amplitude are transmitted, the ampli- 
tudes G\ to G„ of the weighted and combined signals Si 10 
to S n represent the frequency characteristic of transmis- 
sion channel between the transmitting antenna and an 
output terminal of the combiner 22, where n is the 
number of carriers used for transmitting data Accord- 
ingly, if the channel frequency-characteristic is cor- is 
rected by the frequency characteristic compensator 2, 
all the amplitudes to Q n become equal. Defining the 
number of carrier groups to transmit data as "n" and 
weighting coefficients as Wf to W k , the amplitudes G 1 to 
G n are functions of to W k . Then the weighting coef- 20 
f icients W-j to W k are determined so as to minimize the 
following Equation (2). 

|G 1 p -a p | q + |G 2 p -a p | q + ... + |G n p -a p | £J (2) 

25 

where p, q represent positive integers and a is a target 
amplitude. When Equation (2) is minimized, all the 
amplitudes G1 to G n of the signals carried by each car- 
rier become equal to the given amplitude a. As a result 
in the first embodiment applied to the constant ampli- 30 
tude method, it becomes possible to correct the fre- 
quency characteristic of the received signal so as to 
cancel the interference wave. On the other hand, in the 
second embodiment applied to the same method, 
weighting coeff icients are determined in such a way that 35 
the compensatory frequency characteristic of the 
received signal become the inverse of the channel fre- 
quency-characteristic, thereby enabling cancellation of 
the influence of the channel frequency-characteristic 
and correct reproduction of the transmission data 40 
sequence D. Further, this method eliminates the need 
for transmission of a reference signal, thereby enabling 
a further increase in frequency utilization efficiency in 
comparison with that obtained in the case where a 
weighting coefficient is determined by the LMS or RLS 45 
algorithm. . .. _ . 

If a comparative relationship between amplitudes of 
the respective carriers of the transmitted signal is evi- 
dent optimum-weighting coefficients can be deter- 
mined by a method similar to the foregoing method, so 
Accordingly, each carrier to be transmitted is not neces- 
sarily required to have the same amplitude. In the case 
the respective amplitudes of carriers are adjusted so 
that they have the respective target values. Afthough.in 
the previous embodiment, weighting coefficients are ss 
controlled such that all the amplitudes of the carriers 
become equal to a given amplitude, the weighting coef- 
ficients may be controlled such that the power of each 



carrier becomes equal to a given target power deter- 
mined in place of a target amplitude Even in this case, 
the same advantageous result as that yielded in the pre- 
vious embodiment is obtained, and the transmitted data 
sequence D can be correctly reproduced. Although, in 
the previous embodiment, all of carriers are used to 
determine the weighting coefficients, only a part of car- 
riers may be used to do so. 

An adaptive communication apparatus in accord- 
ance with a third embodiment will now be described. 
FIG. 4 shows the configuration of this apparatus. The 
apparatus in this embodiment is characterized by com- 
prising incident wave extractors E1, E2, each of which is 
consists of the frequency characteristic compensator 2, 
the wave separator 3, and the controller 4 employed in 
the first embodiment shown in FIG. 1. In the third 
embodiment, a carrier group which contains a plurality 
of carriers (n carriers) and which is transmitted using 
the mufticarrier transmission method is received by two 
antenna elements A1 , A2. As a result, the antenna ele- 
ments A1 , A2 can receive two wide-band signals g1 , g2 
which differ from each other with regard to the phase 
relationship between a desired wave and an interfer- 
ence wave. 

As in the first embodiment, the frequency charac- 
teristic compensator 2 comprises the weighting unit 21 
for independently weighting the wide-band signals g1, 
g2 and the combiner 22. The weighting unit 21 weights 
each of the wide-band signals g1 , g2 with the weighting 
coefficient determined by the controller 4. The thus- 
weighted wide-band signals are combined together by 
the combiner 22, whereby the thus-combined signals 
are output as one carrier group G1 whose frequency 
characteristic has been corrected. Similarly, the incident 
wave extractor E2 outputs one carrier group G2 which is 
produced by the combiner 22 and has been corrected 
with regard to its frequency characteristic. 

The adaptive communication apparatus according 
to the third embodiment is characterized by comprising 
the wave separator 3, a phase shifter U1 for equalizing 
the phases of the separated signals which are output 
from the incident wave extractors E1 , E2 and which cor- 
respond to the respective carriers, and a phase detector 
W2. The phases of signals S1 1 to S1 n are controlled by 
the phase shifter U1 such that the phases of signals 
S1 1 to S1n become equal to the phases of the signals 
S21 to S2n detected by the phase detector W2, respec- 
tively. 

The wave separator 3 comprises a serial-to-parallel 
converter 35 and a fast Fourier transform unit (hereinaf- 
ter referred to as an FFT arithmetic unit) 36. A phase- 
control method characterizing the adaptive communica- 
tion apparatus of the third embodiment will be described 
hereinbelow. An explanation will be given of a case 
where two incident waves (i.e. , a first incident wave and 
a second incoming wave) are received by the two 
antenna elements A1, A2. 

The signal received by the antenna element A1 is 
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divided into two signals g1 , g1 by a dividing unit 1 1 , and 
the signals g1 , g1 are input to the incident wave extrac- 
tors E1 and E2, respectively. Similarly, the signal 
received by the antenna element A2 is divided into two 
signals g2 ( g2 by a dividing unit 12, and the signals g2, s 
g2 are input to the incident wave extractors E1 and E2, 
respectively. In the incident wave extractor E1, weight- 
ing coeff kaents w1 1 to w21 used in the frequency char- 
acteristic compensator 2 are controlled in such a way 
. that all the amplitudes of the signals S 11 to S1 n corre- w 
sponcfing to the respective carriers which are output 
from the wave separator 3 become equal to each other. 
Similarly, in the incident wave extractor E2, weighting 
coefficients W12 to W22 used in the frequency charac- 
teristics compensator 2 are controlled in such a way that 15 
all the amplitudes of the signals S21 to S2n correspond- 
ing to the respective carriers which are output from the 
wave separator 3 become equal to each other. As a 
result, the incident wave extractors E1, E2 each output 
only one incident wave component of the two incident 20 
waves. Here, the conversion timing of a serial-to-parallel 
converter 35 determines which of the components of 
the two incident waves is output 

The operation of the wave separator 3 that greatly 
affects the operation characteristic of the incident wave 25 
extractors E1 and E2 will be described. This wave sep- 
arator 3 comprises the serial-to-parallel converter 35 
which samples a series signal output from the fre- 
quency characteristic compensator 2 at predetermined 
time intervals and converts the thus-sampled signals so 
into parallel data, and an FFT arithmetic unit 36 which 
performs FFT arithmetic processing for the parallel data 
to obtain the components of the respective carriers. 
More specifically, the parallel data sampled by the 
serial-to-parallel converter 35 are subjected to the FFT 35 
arithmetic processing, and hence the serial-to-parallel 
converter 35 acts as a so-called FFT window. If the tim- 
ing at which the data are sampled through the FFT win- 
dow is in agreement with the timing of the data 
contained in a certain incident wave, a null of directional 40 
pattern of array antenna is formed in the direction of 
other incident waves. As a result, the incident wave 
extractors E1 and E2 output only the incoming wave 
components whose timings match the sampling timings, 
respectively. <s 

Therefore, rf the conversion timing of the serial-to- 
parallel converter 35 is matched with the timing of the 
data contained in the first incident wave, the incident 
wave extractor E1 outputs only the first incident wave 
components. In contrast if the conversion timing is so 
matched with the timing of the data contained in the 
second incident wave, the incident extractor E1 outputs 
only the second incident wave. 

The adaptive communication apparatus according 
to the third embodiment receives incident waves effec- ss 
tively particularly in a case where a guard interval is 
inserted into transmission data at the transmitting side 
as a countermeasure against delayed wave in the multi- 



carrier transmission system. An explanation will be 
given of the outline of the guard interval and the opera- 
tion of the adaptive communication apparatus in a case 
where the guard interval is inserted into transmitted 
data. As shown in FIG. 5, the guard interval is a contriv- 
ance to add a part of the transmitted data immediately 
before data to be transmitted at the transmitting aide. At 
the reception side, only a period Td of the data is sam- 
pled and demodulated while a period Tg of the guard 
interval (hereinafter referred to as guard time) is 
ignored. 

If the second incident wave arrives at the antenna 
later than the first incident wave, and the delay time t of 
the second incident wave is longer than the guard time 
Tg, the timing of the data contained in the first incident 
wave and the timing of the data contained in the second 
incident wave have the relationship shown in FIQ. 6. In 
this case, if the timing of the FFT window is matched to 
the first incident wave, the preceding data (i.e., data i-1) 
of the second incident wave ore combined to the inside 
of the FFT window. Accordingly, if two incident waves 
are simultaneously received, a waveform becomes dis- 
torted under the influence of the preceding data of the 
second incident wave. 

In a case where the delay time % of the second inci- 
dent wave is shorter than the guard time Tg, the timing 
of the data contained in the first incident wave and the 
timing of the data contained in the second incident wave 
have the relationship shown in FIQ. 7. In this case, rf the 
timing of the FFT window is matched to the timing of the 
f irst incident wave, the FFT window includes the compo- 
nents of the data contained in the first incident wave, a 
part of the data contained in the second incident wave, 
and a part of the guard interval included in the second 
incident wave. Here, the waveform of the guard interval 
of the second incident wave is identical to that of a part 
of the data contained in the second incident wave (data 
i), and also identical to that of a part of the data (data i) 
contained in the first incident wave. Accorcfingly, the first 
incident wave and the second incident wave are com- 
pletely identical to each other with regard to waveforms; % 
they differ from each other only in phase. More specifi- 
cally, if the delay time x of a delayed wave is equal to or 
smaller than the guard time Tg, a resultant waveform 
does not become distorted even if the first and second 
incident waves are received concurrently. For these rea- 
sons, in general, the guard time Tg is set to a value 
which is longer than the expected delay time x of the 
second incident wave so as to prevent the waveform 
from becoming distorted. However, a phase difference 
between the first and second incident waves changes 
carrier by carrier. Therefore, the first and second inci- 
dent waves are canceled at the frequency at which they 
become 180° out of phase with each other, thereby 
resulting in a very small signal intensity and hence dete- 
riorating communications quality. 

To prevent these problems, as shown in FIG. 4, the 
adaptive communication apparatus is provided with the 
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two incident wave extractors E1. E2, and the first and 
second incident waves are extracted individually. After 
the phases of the carriers of the two incident waves 
respectively extracted by the incident wave extractors 
E1 , E2 have been matched to each other for every car- s 
rier signal S1 1 to S1n f each of the carriers S1 1 to S1n 
are combined by combiners B1 to Bn. A resultant com- 
posite signal is demodulated by the demodulator 5. 
However, when the guard intervals are inserted into the 
transmitted signal and the delay time t between the inci- w 
dent waves is replaced with the phase difference 
between the first and second incident waves, the phase 
difference between the first and second incident waves 
varies carrier by carrier. Therefore, phase adjustment is 
performed for each carrier. It is not necessarily required 75 
that the conversion timing of the serial-to-parallel con- 
verter 35 be accurately matched to the timing of the inci- 
dent wave, provided that the timings of two FFT 
windows, or the timings of the serial-to-parallel convert- 
ers 35, are so set within the guard time Tg as to become 20 
slightly displaced from each other in such a way as to 
prevent the conversion timings of the serial-to-parallel 
converters 35 of the two incident wave extractors E1 , E2 
from becoming equal to each other. As a result, the two 
incident wave extractors E1, E2 each output different 2 s 
incident wave components individually. 

As described above, in the above specific embodi- 
ment, two incident waves are individually output from 
the two incident wave extractors E1, E2. The thus-out- 
put waves are combined after their phases have been 30 
matched to each other for each carrier. As a result, the 
two incident waves are each utilized effectively, and 
hence communications quality is improved further in 
this errfcodiment in comparison with the case where 
only one incident wave is utilized. 35 

For brevity, the above explanation pertaining to the 
case where the two antenna elements A1, A2 receive 
two incident waves, and the thus-received incident wave 
components are individually output through use of the 
two incident wave extractors E1, E2. However, the ao 
number of antenna elements and incident wave extrac- 
tors may be greater than two. Further, there is no need 
to match the number of antenna elements to the 
number of incident wave extractors. As a larger number 
of antenna elements are used, the directional pattern of 45 
an array antenna can be controlled more flexibly. Con- 
sequently, the greater the number of incident wave 
extractors, the more effectively a large number of inci- 
dent waves can be utilized. 

Next, an adaptive communication apparatus in so 
accordance with a fourth embodiment of the present 
invention will be described. FIG. 8 shows the configura- 
tion of this apparatus. In the fourth embodiment, the 
adaptive communication apparatus employed in the 
third embodiment is further provided with a delay/phase 55 
detector 50 and a delay unit 51. After received signals 
have been subjected to parallel-to-serial conversion by 
the parallel-to-serial converters 7 contained in the inci- 



dent wave extractors E1 , E2, the delay and phase of the 
signals are controlled. In other respects, the adaptive 
communication apparatus in the fourth embodiment is 
identical to that employed in the third embodiment 

The adaptive communication apparatus according 
to the fourth embodiment is designed so as to be able to 
individually receive a plurality of incident waves and 
appropriately combine them into one signal even in a 
case where guard intervals are not inserted into trans- 
mitted data at the transmitting side. The operation of 
this apparatus will now be explained. 

In a case where the guard intervals are not inserted 
into transmitted data at the transmitting side, the timing 
of the data contained in the first incident wave and the 
timing of the data contained in the second incident wave 
have the relationship shown in FIG. 9. More specifically, 
if the second incident wave arrives at the antenna even 
slightly later than the first incident wave, the preceding 
data (data M) of the second incident wave are com- 
bined to the inside of the FFT window. Accordingly, in 
order to cause the incident wave extractors E1, E2 to 
individually output the first and second incident wave 
components, it is necessary to accurately match the 
timing of the FFT window of the incident wave extractor 
E1 to the timing of the first incident wave, and the timing 
of the FFT window of the second incident wave extractor 
E2 to the timing of the second incident wave. For these 
reasons, in the fourth embodiment the signals g1, g2 
received by the antennas A1, A2 are input to the 
delay/phase detector 50. where the delay time between 
and the phases of the first and second incident waves 
are detected from the signals. The conversion timings of 
the serial-to-parallel converters 35 of the first and sec- 
ond incident wave extractors E1 , E2, i.e., the timings of 
the FFT windows, are determined on the basis of the 
thus-detected delay time and the phases. Here, the 
phase of each of the carriers output from the incident 
wave extractors E1 and E2 is determined by the phase 
of the incident wave. Therefore, the phases of the carri- 
ers output from one incident wave extractor are all the 
same. 

To simplify the delay and phase-conversion 
processing, the following processing is carried out in the 
fourth embodiment Specifically, a parallel signal is con- 
verted into a serial signal by the parallel-to-serial con- 
verter 7_ contained in each of the incident wave 
extractors E1 and E2. Subsequently, a serial signal out- 
put from the incident wave extractor E1 is matched to a 
serial signal output from the incident wave extractor E2 
in terms of time and phase. These serial signals of both 
systems are combined by a combiner 53, and the result- 
ant composite signal is output to the demodulator 5. 

Claims 

1 . An adaptive communication apparatus for use in a 
multicarrier transmission system in which a data 
sequence to be transmitted is divided into a plurality 
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of data sequences, converted into a high-frequency 
signal including a plurality of carriers with different 
frequencies, and radio-transmitted in parallel, said 
apparatus comprising: 

5 

a wave separator for separating a received 
high-frequency signal into a plurality of carriers; 
a frequency characteristic compensation unit 
for correcting frequency characteristic of the 
received high-frequency signal; io 
a controller for controlling said frequency char- 
acteristic compensation unit through use of the 
high-frequency signal subjected to signal 
processing by said frequency characteristic 
compensation unit and said wave separator; is 
a demodulator for demodulating the high-fre- 
quency signal thus signal-processed by said 
frequency characteristic compensation unit 
and said wave separator in order to output a 
plurality of data sequences corresponding to 20 
the respective earners; and 
a parallel-to-serial converter for reproducing 
one data sequence from the plurality of data 
sequences corresponding to the respective 
carriers. 25 

2. An adaptive communication apparatus according to 
Claim 1, wherein the received high-frequency sig- 
nal that includes the plurality of carriers is first input 

to said frequency characteristic compensation unit 30 
in order to correct the frequency characteristic of 
the high-frequency signal; the corrected signal is 
then input to said wave separator in order to obtain 
signals corresponding to the respective carriers; 
and the obtained signals are input to said controller 35 
and said demodulator. 

3. An adaptive communication apparatus according to 
Claim 1, wherein the received high-frequency sig- 
nal that includes the plurality of earners is first input ao 
to said wave separator in order to obtain signals 
corresponding to the respective carriers; the thus- 
obtained signals are then input to said frequency 
characteristic compensation unit in order to correct 
the frequency characteristic; and the corrected sig- as 

~ nate are input to said controller and said demodula- 
tor. 

4. An adaptive communication apparatus according to 
Claim 1, further comprising a plurality of antenna so 
elements which receive signals to be output to said 
wave separator or said frequency characteristic 
compensation unit. 

5. An adaptive communication apparatus according to ss 
Claim 1, further comprising a plurality of antenna 
elements which receive the high-frequency signal 
including a plurality of carriers and to be output to 



said wave separator or said frequency characteris- 
tic compensation unit. 

6. An adaptive communication apparatus according to 
Claim 1, further comprising an antenna unit in 
which the high-frequency signal to be input to said 
wave separator or said frequency characteristic 
compensation unit is generated by dividing a signal 
received by a single antenna to obtain divided sig- 
nals and delaying the divided signals by various 
periods of time through use of a delay unit 

7. An adaptive communication apparatus according to 
Claim 5, wherein said frequency characteristic 
compensation unit comprises a weighting unit for 
weighting the high frequency signals received by 
the respective antenna elements and a combiner 
for combining the signals weighted by said weight- 
ing unit. 

8. An adaptive communication apparatus according to 
Claim 6, wherein said frequency characteristic 
compensation unit comprises a weighting unit for 
weighting the respective divided signals having dif- 
ferent delay times; and a combiner for combining 
together the signals weighted by said weighting 
unit. 

9. An adaptive communication apparatus according to 
Claim 1, wherein said controller compares a refer- 
ence signal periodically inserted into data to be 
transmitted with a reference signal provided on a 
reception side to obtain a difference therebetween, 
and controls said frequency characteristic compen- 
sation unit such that the difference is minimized. 

1 0. An adaptive communication apparatus according to 
Claim 1, wherein said controller controls said fre- 
quency characteristic compensation unit such that 
an amplitude or power of each carrier of the high- 
frequency signals processed by said frequency 
characteristic compensation unit and said wave 
separator become equal to a respective predeter- 
mined value. 

11. An adaptive communication apparatus for use in a 
multicarrier transmission system in which data 
sequence to be transmitted is divided into a plurality 
of data sequences, converted into a high-frequency 
signal including a plurality of carriers with different 
frequencies, and radio-transmitted in parallel, said 
apparatus comprising: 

a plurality of incident wave extractors each of 
which extracts only one of the incident wave 
components from a received high-frequency 
signal; 

a phase shifter for adjusting a phase of each of 
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12. An adaptive communication apparatus according to 
Claim 1 1 , wherein said wave separator comprises a 
seriai-to-parallel converter for converting an input 
signal to a parallel signal, and a Fourier transform 
unit to which the parallel signal is input from said 
serial-to-parallel converter and which outputs said 
signals corresponding to the respective carriers. 

1 3. An adaptive communication apparatus according to 
Claim 11, wherein said high-frequency signal 
includes guard intervals which are formed by add- 
ing a part of data to be transmitted to the data to be 
transmitted. 40 

14. An adaptive communication apparatus according to 
Claim 12, wherein the serial-to-parallel converter of 
each of said incident wave extractors converts a 
corresponding signal into parallel signals at differ- 45 
_ent timings within a delay time corresponding.to the _ _ 
guard interval. 

15. An adaptive communication apparatus according to 
Claim 11, further comprising a delay and phase so 
detection unit for detecting the delay time and 
phase of each of the incident wave components 
from the received high-frequency signal and for pro- 
viding said respective serial-to-parallel converter of 
each of said incident wave extractors with timing for ss 
conversion from the serial signal to the parallel sig- 
nals based on the detected delay time and phase. 



1 6. An adaptive communication apparatus according to 
Claim 11, wherein said phase shifter adjusts each 
of said phases for the respective carriers. 

1 7. An adaptive communication apparatus according to 
Claim 15, wherein said phase shifter commonly 
adjusts said phases with respect to said carriers. 

18. An adaptive communication apparatus according to 
Claim 15, further comprising a matching unit for 
compensating the delay of each of the incident 
wave components output from said incident wave 
extractors in accordance with the delay time and 
phase of each of said incident wave components 
detected by said delay and phase detection unit, 
and adding said incident wave components just in 
phase, said matching unit being an alternative to 
said phase shifter. 



the incident wave components extracted by 
said incoming wave extractors; 
a combiner for combining together the incident 
wave components whose phases are adjusted 
by said phase shifter; s 
a demodulator for demodulating the incident 
wave components combined by said combiner 
in order to output a plurality of data sequences 
corresponding to the respective carriers; and 
a parallel-to-serial converter for reproducing 10 
one data sequence from the plurality of data 
sequences corresponding to the respective 
carriers, 

wherein each of said incident wave 
extractors comprises: is 
a frequency characteristic compensation unit 
for correcting frequency characteristic of the 
high-frequency signal; 

a wave separator for separating the high-fre- 
quency signal into signals corresponding to the 20 
respective carriers; and 
a controller for controlling the frequency char- 
acteristic compensation unit through use of the 
high-frequency signal processed by said fre- 
quency characteristic compensation unit and 25 
said wave separator. 
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